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MEMORANDUM TO: Chief, NPIC/TID -

SUBJECT : Discussion of Proposal to be Submitted

1. Meeting was held with répresentatives of
' New York on 27 August 1962. Those attending vere:

2. Meeting was concluded with the decision thet i1l
submit a proposal wherein they will offer to do the following!

a. From the star exposures resulting from M-13 and sub-
sequent KH-b migsions they will determine the relative and
ebsolute pitch, roll, end yew, until such time NPIC is pre-
pared to do the Job.

b. Concurrent with the reduction of the orientation paremeters
they intend to estsblish production procedures that can be adopted
by NPIC. These procedures are to include star identification and
star messurements followed by a subsequent proposal for instrumenta-
tion that will facilitate mass reduction of date from steller
exposures. ‘

3. | slso stated thet they would sutbmit a proposal that if
approved would permit them to calibrate the black boxes: (stellar and
terrestrial camera combination) for all pertinent KH-l mission.

25X1

It is worthwhile noting that s responsible for the cali- 25X 1
bration of the entire "A" system gt accurate techniques, personnel
and facilities are st the coemmnities disposal. At present camera
calibration of the framing cemers 18 being done by ACIC with some action

|
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SUBJECT: Discussion of Proposal to be Submitted by

S It is suggested that ACIC, St. Louls, be ¢ontacted to see what
their opinion might be. It is my personel opinion that| |
€ would be happy to let| teke on the entire responsibility.
offer some resistence Tor obvious reasons.

Chief, NPIC/TID/TAB

Distribution:
Original - Chief, TID
1 - Chief, TPLDS
1 - Chief, TID/TAB
1 - Chrono {TID)

[ 2 I

NPIC/TID/TAB

8-

Tnp CEpRET
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SPECIAL bapmn

YORK STATEMENT FOR
DATA REDUCTION SEBRYICES

will perform

upon specified input data.
piAGE 3

a. The cauputation of the absolute

et

b alied

25X1

the following servicesps5yq

orientation of the

cptical axis of a star camera with rospect to a defined geo-

ceutric coordinate system,

b, The transfer of this @riantatioﬁ data ianto pitch,

reil and yaw of a grvound frame camera wh

1ah is rigidiy

connzeted to the star camera but having in oricantation of its

optical axis nominally offsest by 90° from that of the star

camera,

Input Fequirenculs

The accomplishment of Phase 1 will

require:

1. the provision of star images and aszsociated fiducial

sarks taken by the atar camera:

2. the instant of exposure correlated to Greenwich Time;

3. an ophemeris also corrclatad to Grewunwich Tine;

4, calibration data for the relati

optical axes of the star and ground came

Aggroagg

we attitudes of the

AL,

The computational processes will be accoaplished upon

inputs oi measurenenta mada on the star

ARL Bl

/-

1n;g@s and associated
Log My £ 426

%%50;:&/
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fiducial marka. These measurements will be accomplished by
instrumentation and by procedures described in Appendix 4.,
The computational processes leading to t;y, tilt, and yaw
data of the ground camera with respect to the defined Z2eO-
Centric reference systom will be accomplished upoa the
measuremonts of the star images in conjunction with oxrbit
ephemerie and camera calibration data. The computational
processes and refersnce definitions are described in
Apiendix B, The work performed under Phase 1 will require
less than two weeks for a batch of approximately 400 star

frames provided that measurements Are limited to four
fiducial marks and 5 to 9 star images per frame. This time
Quotation also supposes that the time correlation, the cali-
bration data and the ophemeris are availa?le no later than
one week after start of the measurements,
PHASE 2

Calibration of stellar/terrain camers systemn. Determine
the relative attitude of a rigid combination of stellar and
ground frame cameras, the optical axes of which have attitudes
which differ by approximately 90° with respect to each other,

Iaput Data

The calibration procedures requirs at least three sots
of star images taken by the camera combinations.

Approach

The technical approach for the calibration procedures

Sanitized Copy Approved for Release 2011/06/07 : CIA-RDP78B04747A002100030023-1
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is described im Appendix C. The measuring and computational

processes for each calibration will take approximately one

y § Y P . o -
Tk trom recaigt of the star tmgen
PHASE 3

Determination of panoramic camera attitude requirements.

The absolute and relative orientations of panoramic cameras

to be operated synchronously with the frame camera package
shall be determined.

Input Data

This task will require photographic imagery taken by the
star frame camera package and by the panoramic cameras,

Approach

Under the assumption that the absolute orientation of the
ground frame camera has been determined by the processes
described under Phase 1 and in Appendix A, the absolute orienta-
tion of panoramic cameras taken simultaneously with or in
between frame camera shots can be determined by the procedures
described in Appendix D,

1
i
1
lo
1
1
1
i
1
1
i
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APPENDIX A

Measuroment of Star Intgasi

The Stollar Coordinate Reader at 25X1

facility is the weasuring machine to be u#&d in scaling dis-
tances of stellar imagery with respect ta?fiducial marks on
fiim ucpatives, It peraits evaluatioa o!éfarmats of iess than
9 X 3 inches, [he mcasuring systea ccn&iéta of three basic

!

compcnsats: i

i. 'The weasuriag unit composed of iiln holders, drives,
and viewing screen. ;

4. The electronic racks containing the BECABBATY eliug -
tronics for operation.

J. The recordipg unit containing an auxiliary data panel
and an IBM 3526 c¢ard punch.

The siwvliar Coordinate Header has a weasuring pracision
of 1 micron and a measucsing accuracy of 3 naicrous,

The desiga of this machine has eiiminated much of the
fatigue factor associated with conventional measuring units.
Two of the functiocnal demigns contributing to uase of opera-

tion are the automatic A-Y drives by a 'joy stick' arrangement

and the autcuatic lock-on system to pﬂiﬂ@éiﬁ&gﬁfy by an
WisCLa0RIC Bueavo systen, i

Uparationai procedures for maasuringiarm GALEAwd Out
swiftly and easily by one operator aaatediat the console of
the measuring unit, At this position, thae opsvator has full
view of the measuring area projectad al aproxlaat aly 24X

vnlargement on a 30" x 30" screen; he alsa has accasa to ll
) A/— Q & Hg kuﬁh.}ui.mhu‘:,m
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controls for full operation of the maasu#ing systen.

The fiim rolls are loaded from the rear of the measuring
unit and are held to the film platen by a fiim clamp and
vacuum system, Frames on the film rollm:ara moved iuto posi-
tion by film drives controlled from the 495@61@ pabeld .

suxiliary data for descriptive and cempﬂiér uses for wach framo

are set by switches in the Aux Lata pana1 of the recording uniti.
A typical wmeasuring program for one Lfiume sequires Lhe
measurement of four fiducials, a nuaber of stuilar points, and
repeat measuremoents nf the sanme fiduciala‘fex the purpose of
providing an automatic computer check on the quaiity of the
measuicaents. The data output is in card forant with two dis-
tinct types of recorded maasurenents-«fi&uaiai measurcments
and steliar mecasurements., These m@asuraﬁautﬁ aru distinguished
from zach other through auxiliary data thai are pwrogramaed lato
the recording umit and automatically gunphed into the data
cards ahead of the measuremecats. |
Measurements acc rocorded by contrul switches ou the
coasols gancl in a programmed sequence for input into digital
computwss., The switches arc activatea Uy the opuratosr when
tie suive has wutcnaticaiiy locked-on tg the point that is to
be measured. The 'joy stick’ is used t¢ drxive tho sleiiar
imagery into the fiold of sensitivity for automatic lock-on by

the sexrvo system. The serveo systen 1o desiasd o lock-on to

’
’
i
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black dots on a clear background; therefore, nagative star
imagoes arge requisraed for proper operation,

I{1 18 ¢stimated that the measuring process consisting
of four fiducials -~ six image points -~ four fiducials will
take ten minutes per frame including ail auxiiiary data

saoitings, film chsages, etc,

LA™
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APPENDIX B

Computation of Tip, Tilt, act V&

"he wata required to determine pl&ii%rm orientation are:
the filin coordinates of the fiducial mark% and of thrse iden-
tifie. and way additional number of non»i&entifiad stars,
the tim. of 2 _osure, the vehicle sphwmarga, and sufficient
data to dete.mine the approx ima te field of view of the star
camera «n celestial coordinates of right ascension and de-

clination.

In ordexr to utilize the existing computer grograms, the
foimat of the ephemeris magnetic tape uugk be identical to
that used ip existing prograas, _

The sice:sal orientation of the %taﬂatmk;ng camera is
obtained as follows: :

a) S8y making use of the fiducial méasurammntﬁ, the
measured coordinates are rediuced to the éamera calibration
wystem and are further correctad to ramaﬁa the effects of
radial lens distortion and aberrai.oun.

b) A preliminary orientation :i8 ca&putaé from the

corrected £i.a coordinates of throe measuied stars which have
aiso beon identified in a star catalogue such 1s the Boss

Catalogue. .he program then identifies #ai suaputes the

S I N N N e . “'II I E . lll"'ll - E N IE En e
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apparent place of all uagaured stars for #he inastant of
expomira, and computes a ftaal cCAmera oripntatiun utilizing
all the mcasured star images and their sikar&al geacautric
coordinates.

A matrix defining the relative orientation of ground
camera aves with respect to the star aun#ra systom aust bo
suppliod to the program. Upon this in:!m%mtien, the progranm
wilil then furnish the sidereal gaocantriq direction cosines
of ths cround systun.

Utilizing the time of exposure, tha#e direction cosines
are roferrad to the Groenwich system, and using the geographic

coordinates and azimuth from the epﬁe&eriﬁ, shay are referred

to coapéte the yaw, pitch and roll aagle# as defined in the
following paragraph. It should be r@cogﬁized that the accuracy
obtainable is limited by the accuracy of | the determination of
the sub-satellite point. If the sub-satellitc position is in
grror by one mile, the resulting angular error of the orien-

tation will be on th: oxrder of one miaute of axc,

. 3 [ o4 um
SBEAIAL AT
Sl L-"%m u‘v,’-,‘T o |3 {

' to the local vertical system. At this ;,:a#in%:, it is possible

.
\
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1) Sidereal geocentric: 'Ii’ 3 K
»

2)

Coordinate ﬁy-ten

|

Origin: the geometric center of the r$ference ellipsoid

k; is a unit vector at the origin, parallel to the axis of
rotation of the earth, and directed toward the north pole.

Ti is a unit vector perpendicular to Ei in the direction of
the vernal equinox,

Ei is a unit vector perpendicular to the plane of Iﬁ and'fl
80 as to form a right handed synton{

local Vertical: Iﬁ. 35’ Eé
Origin: The latitude and longitude of the sub-satellite
point on the reference ellipscid

Eé is the unit normal to the reference ellipsoid at the
sub-satellite point, directed toward the vehicle

Ié a unit vector detersined by normalizing the projection
of the aafellite velocity vector onto the plane tangent
to the reference ¢llipsoid sub-satellite point.

J, is determined as in 1).

This local vertical system may be obtained from 1) by

performing the following rotations in sucession:

=@y Ry [N R NI IR
enTeirl I L
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a) about k through the angle a = GST } A, (a = the right
asceusion of the vehicle at the instant of?exposura). This
rotation results in a set of new Il, 3 ve&tors.

b) about the new J; axis through ( %7+ ¢), where ( ir- ?)
is the geographic co-latitude of the sub-satellite point)., This
rotation results in a set of new 31"E1 vectors,

¢) about the new Ea axis through the angle (7~ A4),

A is the azimuth from north and is measure clockwise as positive.

A ie given in the vehicle ephemeris,

3) Platform System: Té’ 35’ Eé

This is the system the orientation of which is desired. It
is completely defined by specifying a relative orientation
matrix relating it to the star taking camera. For the purpose
of this analysis, the coordinate system will be assumed to be a
right handed system fixed with respect to the platform.

The platform system may be obtained from the local vertical
svatem by successive rotations about:

1) the Eﬁ axis through the angle v (yaw)

2) the new J axis through the angle O (pitch)

3) the new I axis through the angle N (roll).

-/ 0~
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. ! 25X1
l Transformation Matrices
l 1) The matrix of direction comines of the Sidereal system
with respect to ths local vertical system is
I ~ginesind ~cosasindcosi eomam-nmaain@w cosfcosi
l V= pinccosi-CcosesinfsinA OB COBA -Bil 8inosinA cosPsind
COHqCO8 ¢ BinacosQ sing
l 2) The matrix of direction cosines of the vehicle system with
l respect to the local vertical system is
l coslcomb ~Binjcoso+conisinesinn Bindsin,+cosysinicon
H=(hij)= sindcose cosycos +singsin sinn ~co8 ysinctsindsin cos 2

Bin cosfsin o , cosicos

----r-
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Letting S be the matrix of direction cosines of the
vehicle axes in the sidereal system we have
H=YV S = (hij)
and the roll, pitch and yaw angles may be computed as follows:
= sin=l (h33)

- Eﬁll

- tan"l

ale
G
L

» will be determined by its principle‘valua, and the
quadrants of ¢ and. will be determined by quadrant analysis.

As a check on the computation, the H matrix may be re-
computed from the literal values of its entries and compared

element for element against the hij given above.

Nlid TN e
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APPENDIX C

Calibration of a Stellar/Terrain Caggrg System

The stellar/terrain camers systea consists of two cameras
rigidly coamected and set at right tngla# to each other so
that, while in orbit, the terrain camera ﬁs directed vertically
downward towards the Earth and the stellar camera is directed
towards the pole of the orbit. Knowing the attitude of the
stellar camera as determined from star photographs and knowing
the relative orieatation of the terrain camera with respact to
the stellar camera, the attitude of the terrain camera may be
dotermined. It is esseatial, then, that the relative orienta-~
tion of the terrain camera with respect to the stellar camera
be precisely determined., 1In addition, to;iasure geometric
fidelity in any measuremonts made on the photography, the com-
plete inner oriemtation (i.e., principal ﬁintance, principal
point, and radial lems distortion) of both the terrain camera
and the stellar camera must be known. The inner orientations
of the two cameras and the relative orientation between them
are determined by camera calibration.

The computational procedures and dnt; reduction prograus,
directly applicable for the calibration of the above camera

; 25X1
systes, have been used by for gsome time, The

calibration, carried out before flight, is based on photograph-
ing stars with the cameras to be calibsrated. For tho

e g v e
P o g ey Y ;
- g ioF : :

73
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calibration of interior orientation, each of the two cameras,
in successicn, is directed towards the zepith and exposures
are made of the stars., The star imsages n&ﬂ identified and
measured and their coordinates are corrected for all system~
atic errors such as film shrinkage and atmespheric refraction.
The true positions (right asceonsion and declination) of the
identified stars at the inmtant of exposure are computed from
the "Boss” catalogue. A least-squares adjustmcot of the
neasured stasr coordinates to their true pbsitiana, employing
the condition of collinearity, will result in the determination
of the inner orieantation parameters of each of the two cameras.
The calibration of the relative oriantatibn botween the two
cameras proceeds in a similar manner. The two cameras, rigidly
fixud together, are directed upward such that the minimum
zenith distance is subtended by the system. Exposures of the
stars are ihan made simultaneously with the two cameras. As
befors, the star images are identified, moasured, corrected

for sysiematic exrors, and their true positions determined
from {he "Boss’ catalogue. In the adjustﬁmnt procedure, om-
ploying the same programs as those for inge r orientation,

the inner orientations are held fixed and the oxterior orienta-
tion of each camers is solved for. The relative orientation
between the fwo cameras is then found by taking the difference

between the oxterior orientations of sach CAanara .

P op o T RS RY
e

QR

~ )i
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APPENDIX D

Datermination of Panoramic Attiguda

The complete camera system consists pf a twin convergent
panoranmic camera system (the principal ca#nra system) and a
stellar/terrain camera system operating t&geth&r in an
orbiting vehicle. The space positions o!iesah camera systom
can be determined for any given time (e.gL, when exposures
are made) by relating thaé time to the precise orbit}l data
as obtained from the ephemeris. In turm, the attitude of the
stellar-terrain camera system, at the instant any terrain
exposure is made, can be determined from ike simultaneously
exposed stellar photograph. The remaining problem, that of
determining the attitude (i.e., roll, pitch, and yaw) of the
panoramic camera system, is solved by computing the relative
orientation between the panoramic camera system and the
stellar-terrain camera system, |

The computational procedures and dat# reduction programs
for performing a least-~squares stareo-phoiogranuetrie tri-
angulation adjustment suitable for the coﬁputation of the
velative orientation described above hnvoébean used by
Autometric for the evaluation of space phqtography. Employing
these procedures, it is necessary to identity and measure
conjugate image points in the overlap area of the photographs;

’ L
L

S ;,‘ -
i B

L e

-5 -
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in this case, the terrain camera photograph and a panoramic
photograph of the same area. The known positions of the two
camera systems, the attitude of the stellar/terrain camera
system, and the coordinates of conjugate%image points
(corrected for lens distortion, film shrinkage, atmospheric
refraction, etc.) are then utilized in the least-squares
adjustment. As a result of the adjustment, the attitude of
the panoramic camera is determined. By employing a series:
of these adjustments with the additional available photography
from both panoramic cameras and the terrain camera, the rela-
tive orientation between the two panoramic cameras and any
changes thereof, as well as the absolute orientation of the
panoramic package, may be determined from the previously
determined orientation of the frame camera.,

If area match techniques are employed for identifying
and measuring conjugate images, a single conjugate point is
sufficient for determining the attitude of each panoramic
camera. Ideally, this point would be the principal point of
the panoramic camera as defined by the intersection of the
optical axis and the film plane at zero sweep angle, The
panoramic camera principal point would be transferred to the
terrain photograph by area matching and then its coordinates
would be measured on the terrain pPhotograph (the coordinates
of the principal point on the panoramic photograph are x = 0

and y = 0), Since only one conjugate image point is measured,

Co g&‘-:“s‘f‘f 1:1 ‘i ‘

VI
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the adjustment program will require, in addition to the

Bpace positions of the two cameras and the attitude of the
terrain camera, the oricntation of the paporanic photograph
match with respect te the terrsin phatogr#ph goordinate
systom and the approximate terrain elevation of the conjugate
image point. If, on the other band, the terrain and panoramic
pbhotographs are simultancously exposed (i.e., at zero sweep
angie) they may be considercd as having the same space positions
and an approximate elevation of the canjugate image point

wiil not be required. Finally, if orly tb@ relative orienta-
tions between the various cameras is required, the space
positions of the cameras need not be considered as long as
they are coincident.

Although only 2 small area a#ound each panorsaic camera's

of the yaw, pitch and roll of the twin panoramic camera systen
is quite strong since the base of the trian g le foxrmed by the
ground positions of the two primcipal poists and the exposure
station is sufficiently long to allow accurate directional
comparisons with the orbital ground track. Using only a mingle
panoramic camera, the solution for yaw can be strengthened
considerably, with respect to a single match around the prin~-
cipal point, by making a number of matches along the pagoramic
photograph x-axss (i.e. the axis perpendicular to the sweep
direction at zero sweep angle). In addition, if the sweep

and IMC corrections are kmown, points off the x-axis can be

—
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l principal point is involved ia the match, ‘the datermination
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utilized to strengthen the solution still further. The
preseat computational procedures and date reduction programs
have the capabiliity of handling any nunhaté of conjugate
image points in the ieast-squares ad.juutwm.
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